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Paraxial optical imaging analysis of CLD corneal adaptability
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Abstract The Contact Lens Display can perform Augmented Reality imaging with a wide field of
view, high-resolution, lightweight and beautiful appearance. However, as a key imaging component
of the Contact Lens Display, the design of the contact lenses will directly affect the imaging quality,
increase the chance of corneal infection, and cause other problems. In order to reasonably select the
materials of contact lenses, based on the principle of geometric optical imaging, a corneal imaging
model wearing contact lenses is established, and the imaging changes are analyzed; And then,
according to the idea of reverse design, a paraxial optical system for detecting imaging quality is
designed, and the cornea contact lenses of different materials and thicknesses are added respectively.
Finally, the impact of corneal contact lenses of different materials on the imaging quality can be
quantitatively analyzed. The effective focal length of the optical system is 18.36mm, the total length
is 36.49mm, and the image height is 2.48mm. The Modulation transfer function value close to limit
diffraction, and the distortion of the full field-of-view is less than 0.1%. ZEMAX simulation results
show that the material of the contact lens is PMMA and the thickness is 0.05mm, which can meet
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the imaging and wearing requirements of AR contact devices.
Key words optical design; geometric optical imaging ; corneal curvature; optical materials ;
distortion
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Fig. 1 Eye optical structure
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Fig. 2 imaging calculation model of corneal wearing contact lens

(a) Schematic diagram of object image position;(b) Ray tracing process
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Fig. 3 Virtual images of contact lenses with different refractive indices
(a)Overall image distribution map;(b) Local enlarged view of contact lens, cornea and virtual image;

(c) Magnified view of virtual images with different refractive
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Tablel imaging parameters of optical system

Parameters Value/mm
Total length 105/mm
Focal length 20/mm
Entrance pupil 8/mm
Cut-off frequency 67Ip/mm
Image height 3mm
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Table 2 Initial structural of optical system

Surface Radius/mm Thickness/mm Class
Primary mirror 18.885 2.042 LAKN12
Secondary mirror 10.394 2.563 LAKN12
Tertiary mirror 12.574 0.728 BASF5
Quartus mirror 6.302 1.421 SSK4A
Eventual mirror -10.299 0.525 KZFS1
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Fig. 4 2D-layout of optical system
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Fig.6 Seidel aberration diagram of optical imaging system
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Table 3 common optical material properties

Materials Nd Vd Luminousness Birefringence
PMMA 1.4917 57.2 92% <20
PC 1.5854 29.9 88% <65
APL5014CL 1.5445 56.0 90% <20
ARTON-D4531F 1.5146 56.9 92% <40
ZEONEX480 1.5247 55.8 92% <25
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Fig. 7 Two-dimensional diagram of an optical system with a contact lens
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Table 4 corneal contact lens parameters

Surface Thickness(mm) Glass
Anterior cornea -6.52 0.55 /
Posterior Contact lens -7.76 0.04/0.05/0.06 PMMA/ APL5014CL
Anterior Contact lens -8.13 9.16 PMMA/ APL5014CL
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(€) 0.04mm/ APL5014CL; () 0.05mm/ APL5014CL; (g) 0.06mm/ APL5014CL

Fig.8 Comparison of MTF curves
(a) 0.04mm/pmma;(b) 0.05mm/pmma;(c) 0.06mm/pmma;

(€) 0.04mm/ APL5014CL;(f) 0.05mm/ APL5014CL; (g) 0.06mm/ APL5014CL
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(e) 0.04mm/ APL5014CL; (f) 0.05mm/ APL5014CL; (g) 0.06mm/ APL5014CL

Fig. 9 Comparison of distortion and field curvature
(a) 0.04mm/pmma;(b) 0.05mm/pmma;(c) 0.06mm/pmma;

(€) 0.04mm/ APL5014CL;(f) 0.05mm/ APL5014CL; (g) 0.06mm/ APL5014CL
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Figure 10 Comparison of aberration curves
(a) 0.04mm/pmma;(b) 0.05mm/pmma;(c) 0.06mm/pmma;

(e) 0.04mm/ APL5014CL;(f) 0.05mm/ APL5014CL; (g) 0.06mm/ APL5014CL
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